The fact that relatives of patients with schizophrenia display subtle cognitive abnormalities suggests genetic transmission of an underlying cognitive endophenotype. It was examined to what extent the cognitive abnormalities that discriminate patients and relatives from controls do so independently of each other, and independent of IQ. Neuropsychological measures were assessed in 50 patients with schizophrenia, 50 ®rst-degree relatives of patients with schizophrenia, and 50 healthy controls. The assessment focused on episodic memory, attentional span, simple and complex speed of information, and semantic memory. Factor analysis of the cognitive test results yielded four factors re¯ecting speed, episodic memory, working memory, and semantic uency. Performance of the relatives was intermediate to that of the patients and the controls after adjustment for age, sex, educational level, and IQ. For both patients and relatives, speed of information processing, working memory, and episodic memory independently discriminated from control performance, with a similar pattern in the order of the size of the effects. The results suggest the existence of more than one familial cognitive risk factor for schizophrenia. Independent familial cognitive risk factors may represent separate causal in¯u-ences or separate indicators of risk related to the same genetic mechanism.
INTRODUCTION
First-degree biological relatives of patients with schizophrenia have an approximately 10-fold risk of developing schizophrenia [Kendler and Diehl, 1993] . Cognitive vulnerability indicators that are heritable should also be present in relatives, at least in those who carry the risk for schizophrenia.
There is evidence that relatives of patients with schizophrenia exhibit subtle cognitive de®cits [Kremen et al., 1994] , including impairments of attention [Harris et al., 1996; Chen and Faraone, 2000] , executive functioning [Faraone et al., 1999] , spatial working memory [Park et al., 1995] , and verbal memory [Goldberg et al., 1995] . It is not known, however, whether such ®ndings in the various domains of cognitive functioning re¯ect the presence of one underlying global cognitive de®cit, or whether they each independently represent a discrete cognitive risk factor that is transmitted in the families of patients with schizophrenia. It has been suggested that there may be at least three domains of neuropsychological de®cit in the non-psychotic relatives of patients that are stable over time: auditory attention, verbal memory, and executive functioning [Faraone et al., 1995b; Faraone et al., 1999] . If there were discrete cognitive risk factors, one would expect that the various cognitive de®cits in the relatives of patients occur both independent of each other and independent of IQ. The present study investigated these issues in patients with schizophrenia and their biological relatives. To this end, we used a comprehensive battery, guided by previous literature [Gold and Weinberger, 1995; Schatz, 1998; Faraone et al., 1999; Mohamed et al., 1999; Chen and Faraone, 2000] on the domains most frequently observed to be compromised in schizophrenia patients and their relatives.
MATERIALS AND METHODS

Subjects
The individuals assessed in this study were participants in a larger study, the Maastricht Psychosis Study. Initial selection criteria for all subjects were the lifetime prevalence of a period of psychosis (at least two weeks) in clear consciousness, according to the Research Diagnosis Criteria (RDC) [Spitzer et al., 1978] , or being a ®rst-degree relative of a patient. Inclusion criteria for all subjects were to be between the ages of 18 to 55 years; to have suf®cient enough command of the Dutch language to understand instructions and informed consent; and to receive normal results for physical examination, ECG, and laboratory tests. Exclusion criteria were endocrine, cardiovascular, or brain disease; use of alcohol in excess of ®ve standard units per day; weekly use of illicit drugs; and history of head injury with loss of consciousness. Written informed consent, conforming to the local ethics committee guidelines, was obtained from all subjects.
The total sample included 50 patients with psychosis, 50 non-psychotic ®rst-degree relatives, and 50 healthy controls. Patients, relatives, and controls were interviewed with the Brief Psychiatric Rating Scale (BPRS) [Overall and Gorham, 1962; Lukoff et al., 1986] and the Positive and Negative Syndrome Scale (PANSS) [Kay et al., 1992] , and additionally screened for symptoms listed in the Operational Criteria Checklist for Psychotic Disorder (OCCPI) [McGuf®n et al., 1991] . Where necessary, additional information was derived from case notes and interviews with the responsible medical of®cer. Using the combined information, the computerized program OPCRIT [McGuf®n et al., 1991] was used to yield RDC diagnoses. There were 40 cases of schizophrenia and 10 cases of schizo-affective disorder among the patients with psychosis. Six ®rst-degree relatives were diagnosed as having major depression. Two of the six relatives with major depression were from the families of schizo-affective patients. Of the 50 non-psychotic relatives, there were six mothers, six fathers, 20 sisters, 17 brothers, and one son. The study population originated from 66 families with at least one patient with psychosis. Of the 66 families, 40 families contributed one case or one relative, one family contributed two relatives, one family contributed three relatives, and 24 contributed at least one case and one relative.
Patients were recruited from the catchment area Community Mental Health Center and the out-patient clinic of the catchment area psychiatric hospital. Relatives were sampled through participating patients or through associations for relatives of patients with psychotic illness. Relatives had to be free from a lifetime history of psychosis. Control subjects were recruited from the general population through random mailings in the local area from a listing of all eligible individuals in the general population. None of the controls had a history of psychosis or a history of psychosis in a ®rst-degree relative, and none of them used psychotropic medication.
The patients were frequency-matched with the control subjects on age, but as a group they were somewhat younger than the relatives (Table I ). The three groups were frequency-matched for sex and educational level, which was measured on an 8-point scale, ranging from primary school to university degree [De Bie, 1987] . IQ score was signi®cantly lower in the patient group compared to both the relatives and the control group. All patients were in remission or in partial remission, de®ned as not in need of hospital admission. The mean total score of the patient group on the BPRS [Overall and Gorham, 1962; Lukoff et al., 1986] was 39.1 (SD 10.4). Fourty-eight patients were using antipsychotic medication, 17 were using benzodiazepines, nine were using antidepressants, and three were using lithium. Two patients did not use any psychoactive medication. Two of the relatives were using antidepressants and three were using benzodiazepines.
Neuropsychological Assessment
The neuropsychological assessment was directed at the following cognitive domains: episodic memory, semantic memory, attentional span, and simple and complex information processing. The tests were administered to all subjects.
The Auditory Verbal Learning Task (AVLT) [Brand and Jolles, 1985; Lezak, 1995] was used to evaluate memory storage and retrieval of information in episodic memory. The forward and backward Digit Spans from the Wechsler Adult Intelligence Scale-Revised [Wechsler, 1981] were used as measures of attentional span [Lezak, 1995] . Tests to measure the speed of information processing were the Stroop Color-Word Test (SCWT) [Stroop, 1935] , the Concept Shifting Test (CST) [Houx et al., 1991] , which is a modi®ed version of the Trailmaking Test [Reitan, 1958] , and the Letter Digit Substitution Test (LDST), which is a modi®ed version of the Symbol Digit Modalities Test [Smith, 1968] . Speed of complex information processing was assessed using the interference task of the SCWT and the number/letter shifting task of the CST. Word Fluency was used to evaluate strategy-driven retrieval from semantic memory. For example, subjects had to generate as many animal names as possible in one minute [Lezak, 1995] .
In order to obtain a measure of general intelligence, we used the shortened form of a widely used Dutch intelligence test, the Groningen Intelligence Test (GIT) [Luteijn and van der Ploeg, 1983] . This test yields results that are comparable to those of the Wechsler Adult Intelligence Scale-Revised [Wechsler, 1981] . Three subtests have proven to yield a good approximation of full-scale IQ [Luteijn and van der Ploeg, 1983] .
Statistical Analysis
Statistical analyses were performed using STATA, version 6 [STATA, 1999] . Initial pairwise group comparisons were performed using one-way analysis of variance with the Tukey multiple comparison procedure. Skewed dependent variables were subjected to log transformations to achieve normality (SCWT and CST). To reduce the number of dependent test variables, a principal component factor analysis followed by varimax rotation was performed on the data of the total study sample. Factors with an eigenvalue greater than unity were retained, and regression factor scores with mean zero and unity standard deviation were produced for each subject for each cognitive factor.
Regression models of neuropsychological dependent variables were examined to assess the effect of group (0 controls, 1 relatives, and 2 patients) on cognitive performance. In these analyses, the group variable was used as a continuous indicator of increase in schizophrenia risk. Data that are grouped according to family are, in statistical terms, part of a multilevel structure, with level-one units (individuals) being clustered into level-two units (families). Since individuals from the same family are more similar to each other than individuals from different families, the variation of cognitive functioning is smaller than if it were completely random. Conventional regression technique cannot take into account the variance components at two different levels. Therefore, a multilevel random regression model was used with a twolevel hierarchical structure. All analyses were adjusted for age, sex, and level of education. Effect sizes were expressed as the regression coef®cient (B).
To investigate which cognitive factor was the strongest, independent predictor of group membership, logistic regression analyses yielding odds ratios (OR) were performed, comparing patients versus controls, and relatives versus controls, and entering all neuropsychological variables together in the equation so that the effect of each was adjusted for the three others. To control for the in¯uence of generalized decline, these analyses were additionally corrected for IQ-score. Because major depression can be associated with cognitive de®cits, we also performed the analysis with these subjects excluded.
RESULTS
Before analysis, the cognitive variables were examined for ®t between their distributions and the assumptions of multivariate analysis. In ®ve subjects (four from the patient group, one from the control group), one or two univariate outliers were found (indicated by z-scores larger than 3.29). These values were replaced by the highest group value next to the outlier. No multivariate outliers could be identi®ed according to the criterion of Mahalanobis distance.
The PCA suggested a robust four-factor solution, which accounted for 74% of the variance. All variables of the SCWT and the LDST loaded strongly on the ®rst factor (factor loadings from 0.59 to 0.88), which we termed speed. All variables of the AVLT loaded strongly on the second factor (factor loadings from 0.89 to 0.93), which we termed episodic memory. Both¯uency tasks (animals and professions) loaded on the third factor (factor loadings from 0.83 to 0.87), which we termed semantic¯uency. All variables of the CST and both Digit Span tasks loaded strongly on the fourth factor (factor loadings from 0.69 to 0.73), which can thus be construed as that area of focused information processing that is used under conditions of time constraint. We interpreted this factor as the working memory component common to the CST and Digit Span tasks (hereafter referred to as working memory component). These four factors were used in the analyses, with higher scores indicating poorer performance. One-way analysis of variance indicated signi®cant differences between the groups on speed (F 13.61, df 2, 147, P 0.00), episodic memory (F 3.86, df 2, 147, P 0.02), semantic¯uency (F 6.30, df 2, 147, P 0.00), and an equally large, though statistically somewhat more imprecise, difference on the factor re¯ecting the working memory component (F 2.68, df 2, 147, P 0.07).
The multilevel random regression analysis showed that after adjustment for age, sex, and education, three of the four cognitive factors were signi®cantly associated with group membership (see Table II ; summary linear trend for speed B 0.50, P`0.001; for episodic memory B 0.25, P`0.01; and for the working memory component B 0.24, P`0.01). For semantic¯uency, the association was neither large nor signi®cant (B 0.09, P 0.32). Using the control group as the baseline, the associations were signi®cant in both patients and relatives, but they were stronger in the patients (Table II) .
Logistic regression analyses showed that the effects of the cognitive factors were independent of each other and of IQ (Table III) . The factor speed was the strongest independent predictor of group membership in the comparison between patients and controls, after adjustment for age, sex, educational level, and IQ (OR 4.52, 
DISCUSSION
The results show that the cognitive performance of ®rst-degree relatives of patients with a diagnosis of schizophrenia is worse than that of age-, sex-, and education-adjusted general population controls. The pattern of de®cits was similar to that seen in the patients, as was the order of magnitude of the associations with, respectively, speed of information processing, the working memory component, and episodic memory. The degree of cognitive performance de®cits paralleled the degree of genetic liability, in that performance of the relatives fell between that of the patients and the controls. Finally, the effects of the three cognitive factors (speed of information processing, the working memory component, and episodic memory), were independent both of each other and of IQ, indicating that these cognitive de®cits represent independent risk factors. Nevertheless, the cognitive domains, as such, might well be intercorrelated, as suggested by data from Toomey and colleagues [Toomey et al., 1998 ].
Since the control subjects were recruited through random mailings in the local area from a listing of all eligible individuals in the general population, it is unlikely that the performance differences are due to bias in the selection of controls. Furthermore, control selection bias cannot explain why relatives' performance was intermediate to that of patients and controls.
In the univariate comparisons in Table I , the relatives did not show any change in intelligence score relative to controls, whereas the patients had lower IQ's. In the multivariate analyses presented in Table  III , however, the effect of IQ in the patient group was greatly reduced after taking into account the effects of the speci®c cognitive factors, indicating that the speci®c cognitive factors were much stronger independent predictors of patient status than IQ. The relatives, however, had signi®cantly higher IQ than the controls when the analysis was adjusted for the effects of the speci®c cognitive functions, indicating that their higher IQ scores tended to be obscured by the speci®c cognitive de®cits. It is attractive to speculate that higher IQ in the relatives serves as a protective factor in the presence of genetically-mediated cognitive de®cits that increase the risk for schizophrenia. Other authors have suggested that relatives may show a modest decline in IQ score , but the effect of IQ in these studies was not assessed after adjustment for speci®c cognitive de®cits. Other studies have suggested that relatives have higher IQ, albeit only relatives of patients that are exposed to presumed environmental The summary increase in B with one unit change in schizophrenia risk. *P`.05. **P`.10. ***P`.001.
risk factors such as pregnancy and birth complications [Gilvarry et al., 2000] . The four-factor solution that emerged from the current study is largely in accordance with previous ®ndings from our group [Ponds, 1998 ], but slightly different from those by other groups, in that we found a correlation between the CST and Digit Span, while other factor analytical solutions had the Digit Span loading on a separate factor [Mirsky, 1987; Kremen et al., 1992] . Nevertheless, this does not preclude the existence of a common working memory component to the CST and Digit Span, as reported in the present paper.
Both in patients with schizophrenia and in relatives, the association with cognitive performance de®cits was strongest with speed of information processing, followed by the working memory component and episodic memory. In fact, the size of the differences between cases and controls can be considered conservative, as the groups were matched for educational level, and educational attainment is likely to be reduced as a consequence of schizophrenia. The ®ndings are consistent with other studies, suggesting that relatives have de®cits that are qualitatively similar, but subtler, compared to patients with schizophrenia, especially in the domains of attention and memory [Keefe et al., 1994; Lyons et al., 1995; Faraone et al., 1995a; Faraone et al., 1999; Chen and Faraone, 2000; Faraone et al., 2000] . A likely explanation for these ®ndings is that cognitive de®cits are transmitted within families of patients with schizophrenia as markers of genetic risk or endophenotypes. The current study provided evidence that the effects of the various cognitive de®cits were independent both of each other and of IQ. Thus, it is possible that there are several distinct cognitive domains of risk that either re¯ect separate genetic factors, or represent the pleiotropic manifestation of a single underlying genetic in¯uence. Larger, multiple generation family studies are needed to determine to what extent these cognitive de®cits are transmitted independently in families of patients with a diagnosis of schizophrenia. 
